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1 These infants account for 25% of paediatric bed occupancy in this period. Longer term sequelae are common after bronchiolitis, with up to 70% of infants experiencing recurrent cough and wheeze. [2] [3] [4] [5] [6] [7] The mainstay of hospital management is to provide adequate oxygenation, hydration, and nutritional support. Bronchodilators and antibiotics are often used but there is little evidence to support their therapeutic eVectiveness. Systemic and inhaled corticosteroids are frequently prescribed as anti-inflammatory agents against the peribronchiolar inflammatory infiltration seen in viral bronchiolitis. 8 9 Beneficial eVects from corticosteroids in the acute phase of viral bronchiolitis have been reported, [10] [11] [12] with a 75% reduction in hospital re-admission rate because of recurrent respiratory illness demonstrated in one study. 10 However, most studies suggest that corticosteroids have no clinical benefit when given in the acute phase of bronchiolitis. [13] [14] [15] [16] [17] [18] [19] [20] The aim of our multicentre, randomised, double blind, placebo controlled study was to evaluate the short and long term eVects of giving a short course of nebulised budesonide to hospitalised infants with respiratory syncytial virus (RSV) positive bronchiolitis.
Method
Infants admitted to hospital with acute RSV positive bronchiolitis confirmed by immunofluorescence on a nasopharyngeal aspirate in five West Yorkshire hospitals during the winter of 1995-1996 were considered for entry into our study. If all inclusion and exclusion criteria were met (table 1) , infants were randomised to receive either treatment or placebo. Randomisation was stratified by sex and centre. The primary end point was the proportion of infants who experienced at least one episode of coughing or wheezing over the 12 months after admission. Inpatient secondary end points included the length of time in hospital until fit for discharge, the requirement for supplemental enteral and parenteral feeds or fluids, and the length of time supplemental oxygen was needed. The type and frequency of any other medications were also recorded. Post-discharge secondary end points were the proportion of infants re-admitted to hospital with respiratory related problems, the length of time until symptom free (no coughing or wheezing for 48 consecutive hours), the number of general practitioner consultations for respiratory morbidity, and the type and amount of additional medication taken for respiratory symptoms in the 12 month follow up period.
On randomisation, detailed histories were recorded to include duration of symptoms before presentation to hospital, medical history, current and previous medications taken, immunisation record, family history of atopic illnesses, sibling number, pets, parental occupation, parental smoking habits, and the condition of housing. Treatment consisted of either 1 mg of nebulised budesonide (Astra Pharmaceuticals Limited, Kings Langley, Hertfordshire, UK) suspended in vehicle or nebulised vehicle (sodium chloride, polysorbate 80, citric acid, sodium citrate, and disodium edetate) twice daily. This was given immediately after randomisation and within 12 hours of admission until 14 days after being assessed as fit for hospital discharge, up to a maximum of 21 days. An infant was considered fit for hospital discharge only when at least 12 hours had lapsed since administration of the first trial solution, when they were feeding well, and when they no longer required supplemental oxygen. The trial solution and sidestream nebulisers (Medic-aid Limited, Pagham, West Sussex, UK) were manufactured and packaged to ensure the double blind nature of our study. Budesonide and placebo solutions were nebulised over a fixed 10 minute period, using a tightly applied face mask driven by 6 1 ⁄2 litres/minute oxygen and a Medic-aid Portaneb CR60 compressor at home.
During hospital admission, a nursing hospital assessment form detailing components of a clinical symptom score and the use of other medications given was recorded twice daily before administration of the nebulised trial solution. The clinical symptom score ranked clinical severity from 0 to 11 based on heart rate, respiratory rate, supplemental oxygen requirements, and the presence or absence of chest wall retractions. After discharge, parents were asked to keep daily diaries recording daytime and nocturnal symptoms, additional medication use, and hospital or general practitioner contact. Daily diaries were kept for four weeks, after which they were used only on days when the infant showed symptoms of respiratory problems or when medication was used for symptoms. A research nurse made home visits two weeks and four weeks after discharge and then monthly for 12 months. These nurses completed an assessment of the compliance with trial medication; use of nontrial medication; visits to general practitioners or hospital; and the presence of damp, smokers, and pets in the house. General practitioner notes were reviewed 12 months after discharge.
SAMPLE SIZE ESTIMATE
From previous studies, the proportion of infants coughing or wheezing at least once during the 12 months after discharge is approximately 50%. [2] [3] [4] [5] [6] [7] To detect a reduction to 30% in the budesonide arm, at the 5% significance level with 80% power, approximately 100 infants were required in each arm.
STATISTICAL ANALYSIS
Categorical data were analysed using the 2 test on contingency tables. Continuous variables were analysed using t tests or, where the distribution was skewed, the Wilcoxon-MannWhitney U test. Survival analysis with the proportional hazards model 21 was used to compare the time from first nebulisation to resolution of symptoms and time from first nebulisation to discharge between the two arms. The results of these survival analyses were summarised by hazard ratios, a value greater than 1 suggested faster resolution of symptoms or discharge in the budesonide arm. Ninety five per cent confidence intervals (CI) are presented together with point estimates, including the diVerence in median number of general practitioner visits for respiratory morbidity. 22 The significance level for all statistical hypothesis tests was set at 5%. The analysis sample comprised all eligible patients who started the trial treatment, classified according to the treatment arm they were randomised to. Infants found to be ineligible after randomisation were excluded from the analysis. Follow up was stopped if an infant was transferred to intensive care.
ETHICS
Local ethics committee approval from the five centres was given for our study. Fully informed written parental consent was obtained for infants to be recruited.
Results
One hundred and sixty five infants were randomised into the study, 83 to budesonide, and 82 to placebo. Three infants from the placebo arm and one from the budesonide arm were subsequently excluded from the analysis: one (placebo) was transferred to a nonparticipating centre before the trial treatment was started; three infants were ineligible because two (both placebo) were RSV negative and one (budesonide) was previously exposed to systemic corticosteroids. The 161 remaining infants formed the sample for analysis. One infant in the budesonide arm and two in the placebo arm were transferred to intensive care units. There were no diVerences between the groups at randomisation in demographic variables (table 2) and in symptom duration and severity as measured by the clinical symptom score. The proportion of households with furry pets was higher in the placebo arm (36% v 21%). 
INPATIENT END POINTS
The number of days from first nebulisation until fit for hospital discharge were very similar, with hazard ratio 1.10, 95% CI from 0.80 to 1.51 ( (1) 2 = 0.43; p = 0.51), and median (interquartile range (IQR)) 2 days (1-3) for the budesonide group and 2 days (1-4) for the placebo group. Thirty five per cent of infants required intravenous fluids and/or nasogastric feed treatment in the budesonide arm and 37% in the placebo arm ( (1) 2 = 0.03; p = 0.86; 95% CI for diVerence, −17% to 13%). Clinical symptom scores were only marginally lower in the budesonide arm throughout most of the hospital stay. All but one infant in both arms received additional prescribed medication while on the ward. These included ipratropium bromide, 2 agonists, antibiotics, and oral or intravenous steroids. There were no diVerences in prescribing practices between the two arms.
POST-DISCHARGE END POINTS
Parental diaries were available for 79 infants in the budesonide group and 76 in the placebo group. At the 14 day follow up visit, 42 parents in the budesonide arm and 48 in the placebo arm told the research nurse that their child had been nebulised at home twice daily for 14 days after discharge. Daily symptom diaries were complete and reliable for the first 28 days after discharge (96% complete in the budesonide arm and 98% complete in the placebo arm; two and six diaries, respectively, were stopped before day 28). Therefore, analysis of the time taken to become asymptomatic and the number of days with coughing or wheezing episodes was restricted to the first 28 days after discharge. This end point was censored on day 28 for infants still symptomatic on day 28. The time taken for half the infants to become asymptomatic for 48 hours was 10 days (95% CI, 10 to 13) in the budesonide arm and 12 days in the placebo arm (95% CI, 10 to 16). This diVerence was not significant in survival analysis (p = 0.07). Both groups had a similar number of days with coughing or wheezing in the first 28 days after hospital discharge (table  3) . Hospital re-admissions over the 12 month period for respiratory morbidity were also very similar (13 of 82 and 14 of 79, respectively; table 3).
TWELVE MONTH GENERAL PRACTITIONER NOTE

REVIEW
General practitioner notes relating to the year after discharge were available for review for 78 infants in the budesonide group and 72 in the placebo group. The number of general practitioner visits for respiratory morbidity were very similar, with median (IQR) 4 visits (2-6) in the budesonide arm and 4.5 visits (2-9) in the placebo arm ( (1) 2 = 1.12; p = 0.29; median diVerence (budesonide-placebo), −1; 95% CI, −2 to 0). Fewer infants in the budesonide group were prescribed bronchodilators (60% v 67%; (1) 2 = 0.66; p = 0.42) and steroids by their general practitioners (50% v 60%;
(1) 2 = 1.42; p = 0.23); neither diVerence was significant.
There were no significant treatment eVects in relation to respiratory related re-admissions to hospital, nocturnal or daytime wheezing, or general practitioner respiratory visits in patient subgroups defined by initial severity score, duration of symptoms at presentation, whether or not the infant had an atopic history, or the infant was exposed to cigarette smoke or damp in the household.
Discussion
Recurrent cough and wheeze after bronchiolitis is reported in up to 70% of infants after the acute illness.
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Underlying airway abnormalities 23 24 and/or a genetic predisposition have been implicated. The cause and eVect of RSV infection on this chronic respiratory morbidity is not clear, but alteration of the IgE immune response to environmental allergens after bronchiolitis has been demonstrated. 25 The acute inflammatory abnormalities within the airways of infants with acute bronchiolitis are similar to those seen in children with acute exacerbations of asthma. 8 Therefore, it is possible that the administration of corticosteroids in the acute phase of the illness might have an eVect on the natural history. A number of studies giving corticosteroids as a nebulised solution, 10 11 13-15 intramuscularly, [16] [17] [18] and orally, 12 19 20 have examined this issue. Others have looked at the eVects of steroid administration on the post-bronchiolitic symptoms. 26 27 Unfortunately, because of diVering design, inclusion and exclusion criteria, end points, Confidence intervals are for diVerences in proportions or means or for the hazard ratio.
Hazard ratio of 1 implies no diVerence between treatments, >1 favours budesonide. CI, confidence interval.
timing and duration of treatments, and diVerent definitions of viral bronchiolitis, it is diYcult to draw conclusive evidence for or against the use of corticosteroids in the acute or follow up phase of the illness. Several papers have reported beneficial eVects of steroids given in the acute phase of viral bronchiolitis. [10] [11] [12] A 75% reduction in hospital re-admissions, general practitioner consultations, and paediatrician consultations was reported in a 12 month follow up study of infants admitted to hospital with bronchiolitis, who received nebulised budesonide from admission until they were symptom free. 10 However, the study was retrospective, unblinded, and used historical controls. A further study demonstrated the beneficial eVects of nebulised budesonide as an anti-inflammatory agent in reducing wheezy episodes and hospital admissions after bronchiolitis in the second half of a 16 week treatment period. 11 However, the diagnosis of bronchiolitis was based on the presence of wheeze in conjunction with an upper respiratory tract illness. When atopic history was taken into account, benefits were no longer significant. A study reporting on cases of severe bronchiolitis requiring mechanical ventilation was able to demonstrate a significant reduction in duration of hospital admission in those children less than 24 months of age given oral prednisolone (1 mg/ kg/day) for seven days compared with placebo. 12 However, the diagnostic criteria for labelling these children as having bronchiolitis were vague and there were only seven children in each treatment arm. From this same study, among those children not requiring mechanical ventilation, symptoms improved more rapidly in the treatment group, but time to hospital discharge was not significantly shortened. No long term follow up data were available. Although these studies do show some clinical benefits of corticosteroids when given in the acute phase of bronchiolitis, most studies report no significant advantage in duration of hospital admission or long term morbidity. [13] [14] [15] [16] [17] [18] [19] [20] Our study design had rigid inclusion and exclusion criteria, a long follow up period, and took account of all previously documented confounding and conflicting variables. All our infants had immunofluorescence detection of the respiratory syncytial virus from a nasopharyngeal aspirate. All had clinical symptoms of viral bronchiolitis with upper respiratory tract infection, fine crepitations on chest auscultation, and evidence of respiratory distress.
The 200 patient sample size was calculated to detect a reduction in symptom rate for the budesonide group from 50% to 30% compared with placebo to demonstrate a real clinical benefit. Only 161 eligible infants were enrolled during the study period. Continuing our study into the next winter was considered inappropriate because the natural history might have changed from the first year. With hindsight, 39 more infants would not have been of consequence, because only two infants did not cough or wheeze during follow up.
It could have been that no apparent diVerence was demonstrated in terms of re-admission rate to hospital and general practitioner/paediatrician consultation rates because one group received more additional medication in the follow up period than the other, thereby masking real diVerences. No previous studies have looked at prescribing practices in the follow up period to exclude this potential confounding influence. We found that 50% of infants in the budesonide arm received at least one prescription for corticosteroids, either inhaled or oral, in the 12 months compared with 60% in the placebo arm (p = 0.23). Similarly, at least one 2 agonist prescription was written for 60% of infants receiving budesonide and 67% of those receiving placebo (p = 0.42). Therefore, the study end points were not unfairly influenced by diVering prescribing practices in the 12 month follow up period.
Previous studies have analysed the data for a family history of atopy and shown a better response to corticosteroids in this subgroup of infants with bronchiolitis. 11 Half of our study population had a family history of atopy, defined as either a parent or sibling with eczema, hayfever, or asthma, and there was an equal distribution in each arm. Because our study was not large enough to show significant treatment eVects within these subgroups, our analysis was aimed only at identifying trends suggestive of treatment eVects within subgroups (that is, non-significant but positive treatment eVect estimates), which could then be investigated in further trials. However, no such trends were found in relation to respiratory related re-admissions to hospital, nocturnal or daytime wheezing, and general practitioner respiratory visits between atopic and non-atopic infants or for subgroups defined by the presence of cigarette smoke or damp conditions in the home.
To ensure that any real but transient eVects of corticosteroids on symptoms were not missed, the data over the first month after hospital discharge as well as over the whole 12 month period were analysed. The mean number of days of cough and/or wheeze in the first 28 days after hospital discharge were very similar (17 v 17.1 days). Parental data recording after the first month was poor and considered unreliable for analysis.
Our study might have failed to show any beneficial eVects from administering corticosteroids because of poor lung drug deposition. It has been shown that less than 20% of a dose of nebulised budesonide reaches the mouth in infants with asthma and small children with normal tidal breathing. 28 The lung drug deposition in our study population might have been even smaller because of tachypnoea, gas trapping, and increased secretions resulting from the bronchiolitic illness.
Our study is the largest of its kind ever reported. Very strict inclusion criteria ensured that participants had acute viral bronchiolitis and not viral associated cough and wheeze of infancy. The follow up of our infants has been intensive and prolonged, and data analysis has taken into consideration confounding variables. We have demonstrated no clinically meaningful benefit of nebulised budesonide in the acute phase of RSV bronchiolitis, either to hasten hospital discharge or to reduce long term respiratory morbidity, and we cannot recommend its use for treatment of this common condition. Steroids might have a role in post-bronchiolitic cough and wheeze, 26 27 but this issue warrants further research.
